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EXECUTIVE SUMMARY

This report summarizes the field activities conducted at Shaw Air Force Base (AFB) for a
short-term field pilot test to compare vacuum-enhanced free-product recovery (bioslurping) to
traditional free-product recovery techniques used to remove light, nonaqueous-phase liquid (LNAPL)
from subsurface soils and aquifers. The field testing at Shaw AFB is part of the Bioslurper Initiative,
which is funded and managed by the U.S. Air Force Center for Environmental Excellence (AFCEE)
Technology Transfer Division. The AFCEE Bioslurper initiative is a multisite program designed to
evaluate the efficacy of the bioslurping technology for (1) recovery of LNAPL from groundwafer and
the capillary fringe, and (2) enhancing natural in situ degradation of petroleum contaminants in the
vadose zone via bioventing.

The main objective of the Bioslurper Initiative is to develop procedures for evaluating the
potential for recovering free-phase LNAPL present at petroleum-contaminated sites. The overall
study is designed to evaluate bioslurping and identify site parameters that are reliable predictors of
bioslurping performance. To measure LNAPL recovery in a wide variety of in situ conditions, tests
are being performed at many sites. The test at Shaw is one of more than 40 similar field tests to be
conducted at various locations throughout the United States and its possessions.

The intent of field testing is to collect data to support determination of the predictability of
LNAPL recovery and to evaluate the applicability, cost, and performance of the bioslurping
technology for removal of free product and remediation of the contaminated area. The on-site testing
is structured to allow direct comparison of the LNAPL recovery achieved by bioslurping with the
performance of more conventional LNAPL recovery technologies. The test method included an initial
site characterization followed by LNAPL recovery testing. The three LNAPL recovery technologies
tested at Shaw AFB were skimmer pumping, bioslurping, and drawdown pumping.

Bioslurper pilot test activities were conducted at monitoring well MW 644, Site
characterization activities were conducted to evaluate site variables that could affect LNAPL recovery
efficiency and to determine the bioventing potential of the site. Testing included baildown testing to
evaluate the mobility of LNAPL, soil sampling to determine physical/chemical site characteristics, soil
gas permeability testing to determine the radius of influence, and in situ respiration testing to evaluate
site microbial activity.

Following the site characterization activities, the pump tests were conducted. At monitoring

well MW 644, pilot tests for skimmer pumping, bioslurping, and drawdown pumping were
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conducted. The LNAPL recovery testing was conducted in the following sequence at monitoring well
MW 644: 48 hr in the skimmer configuration, 101.5 hr in the bioslurper configuration, an additional
23 hr in the skimmer configuration, and 28 hr in the drawdown configuration.

Measurements of extracted soil gas composition, LNAPL thickness, and groundwater level
were taken throughout the testing. The volume of LNAPL recovered and groundwater extracted were
quantified over time.

Baildown recovery tests were conducted at monitoring wells MW 634 and MW 644.
Baildown recovery tests provide a qualitative indication of the presence of mobile, free-phase LNAPL
and recovery potential. Overall, the baildown recovery tests indicated a relatively high rate of
LNAPL recovery into the wells. At monitoring well MW 644, LNAPL recovered to within 70% of
initial levels by the end of the 4 hr baildown test. At monitoring well MW 634, LNAPL recovered to
a level approximately 50% of the initial LNAPL thickness. Based on these results, pilot testing was
initiated on monitoring well MW 644.

Direct pumping tests were conducted at monitoring well MW 644. Skimmer pump testing
was conducted at monitoring well MW 644 in a continuous extraction mode for two days. A
significant quantity of LNAPL was recovered during this pump test. The initial LNAPL recovery
rate was 23.5 gallons/day, which dropped to 14.5 gallons/day by the second day of testing. A total
of approximately 390 gallons of groundwater was produced with an average production rate of 200
gallons/day. LNAPL recovery was significantly greater during the bioslurper pump test than that
observed during the skimmer pump test. Bioslurper testing was conducted for approximately four
days, resulting in relatively high recovery on the first day (46 gallons/day), with a significant
reduction in recovery by day 2 to 28 gallons/day. However, by day 3, LNAPL recovery rates
increased to 37 gallons/day, and remained relatively constant for the remainder of the testing. This
increase on day 3 corresponds to increasing the pump vacuum and a corresponding increase in vapor
flowrate and well vacuum. A total of 150 gallons of LNAPL and 1,240 gallons of groundwater was
extracted, with daily average recovery rates of 38 gallons/day for LNAPL and 320 gallons/day for
groundwater.

LNAPL recovery rates during the second skimmer pump test were similar to the initial
skimmer pump test during approximately 23 hours of continuous pumping. Approximately 21 gallons
of LNAPL and 180 gallons of groundwater were recovered during the second skimmer pump test,

with daily average recovery rates of 22 and 190 gallons/day, respectively. These results demonstrate
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that operation of the bioslurper system in the skimmer mode was an effective means of free-product
recovery, although recovery rates are significantly lower than during bioslurping.

Drawdown pump testing was conducted to determine if a cone of groundwater depression
would enhance LNAPL recovery. The water table was depressed 22 inches below the static water
table in monitoring well MW 644. Significant quantities of LNAPL were recovered, with average
rates of 30 gallons/day and a total recovery of approximately 54 gallons. Groundwater production
rates were on the order of 240 gallons/day, with a total of approximately 440 gallons produced.
These results demonstrate that the vacuum gradient maintained during the bioslurper test resulted in
higher fluid recovery rates than the 22 inch-groundwater drawdown test.

Bioslurping also promotes mass removal in the form of in situ biodegradation via bioventing
and soil gas extraction. Vapor phase mass removal is the result of soil gas extraction as well as
volatilization that occurs during the movement of LNAPL free product through the extraction
network. Given a flowrate of 12.5 scfm and using an average concentration of 12,500 ppmv TPH
and 1,300 ppmv benzene, approximately 65 Ib/day of TPH and 4.7 lb/day of benzene were emitted to
the air. Thus, mass removal in the vapor phase is significant. Higher vapor mass removal rates are
more often sustained at those sites where liquid product recovery is sustained.

The initial soil gas profiles at the site displayed oxygen-deficient, carbon dioxide-rich, high
total volatile hydrocarbon vapor conditions at depths from 30 to 40 ft bgl. These conditions indicate
that natural biodegradation of residual petroleum hydrocarbons has occurred, but is limited by oxygen
availability. Soil gas concentrations were measured during the bioslurper test at monitoring points
adjacent to monitoring well MW 644 to determine if the vadose zone was being oxygenated via the
bioslurper action. Unfortunately, results were inconclusive based on oxygen measurements, although
soil gas permeability testing indicated that a radius of influence of approximately 40 ft could be
achieved. In general, it is our experience that oxygenation will occur at monitoring points where a
perceptible pressure change is measured. In situ biodegradation rates 0.025 of 21 to mg/kg-day were
measured at four different locations. Based on the radius of influence of 40 ft and a
hydrocarbon-impacted soil thickness of 40 ft, mass removal rates via biodegradation are on the order
of 0.43 to 370 lbs of hydrocarbon per day. Thus, mass removal rates via biodegradation could be
more significant than the vapor phase removal rates measured during the bioslurper test. These
results indicate that bioventing is feasible at this site. Air injection bioventing is preferable over

bioslurping and soil vapor extraction with respect to the elimination of hydrocarbon vapor emissions.




In summary, the on-site testing at Site SS-15, Shaw AFB, included the direct testing of
gravity-driven and vacuum-driven LNAPL free product recovery techniques, bioventing, physical
sampling, and tests relevant to soil vapor extraction. Liquid phase recovery was sustainable during
all pump tests, with the highest recoveries during bioslurping. The in situ respiration test and vadose
zone radius of influence testing demonstrate that bioventing may be feasible at this site. Bioslurping

appears to be a suitable recovery technique for this site.
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DRAFT SITE-SPECIFIC TECHNICAL REPORT (A003)
for
FREE PRODUCT RECOVERY TESTING AT SITE SS-15,
: SHAW AFB, SOUTH CAROLINA

21 April 1997

1.0 INTRODUCTION

This report describes activities performed and data collected during field tests at Shaw Air
Force Base (AFB), South Carolina to compare vacuum-enhanced free-product recovery (bioslurping)

to traditional free-product recovery technologies for removal of light, nonaqueous-phase liquid

. (LNAPL) from subsurface soils and aquifers. The field testing at Shaw AFB is part of the Bioslurper

Initiative, which is funded and managed by the U.S. Air Force Center for Environmental Excellence
(AFCEE) Technology Transfer Division. The AFCEE Bioslurper Initiative is a multisite program
designed to evaluate the efficacy of the bioslurping technology for (1) recovery of LNAPL from
groundwater and the capillary fringe and (2) enhancing natural in situ degradation of petroleum

contaminants in the vadose zone via bioventing.
1.1 Objectives

The main objective of the Bioslurper Initiative is to develop procedures for evaluating the
potential for recovering free-phase LNAPL present at petroleum-contaminated sites. The overall
study is designed to evaluate bioslurping and identify site parameters that are reliable predictors of
bioslurping performance. To measure LNAPL recovery in a wide variety of in situ conditions, tests
are being performed at many sites. The test at Shaw AFB is one of more than 40 similar ﬁeld tests to
be conducted at various locatipns throughout the United States and its possessions. Aspects of the
testing program that apply to all sites are described in the Test Plan and Technical Protocol for
Bioslurping (Battelle, 1995). Test provisions specific to activities at Shaw AFB are described in the
Site-Specific Test Plan provided in Appendix A.

The intent of field testing is to collect data to support determination of the predictability of

LNAPL recovery and to evaluate the applicability, cost, and performance of the bioslurping




technology for removal of free product and remediation of the contaminated area. The on-site testing
is structured to allow direct comparison of the LNAPL recovery achieved by bioslurping with the
performance of more conventional LNAPL recovery technologies. The test method included an initial
site characterization followed by LNAPL recovery testing. The three LNAPL recovery technologies
tested at Shaw AFB were skimmer pumping, bioslurping, and drawdown pumping. The specific test
objectives, methods, and results for the Shaw AFB test program are discussed in the following

sections.

1.2 Testing Approach

Bioslurper pilot test activities were conducted at monitoring well MW 644. Site
characterization activities were conducted to evaluate site variables that could affect LNAPL recovery
efficiency and to determine the bioventing potential of the site. Testing included baildown testing to
evaluate the mobility of LNAPL, soil sampling to determine physical/chemical site characteristics, soil
gas permeability testing to determine the radius of influence, and in situ respiration testing to evaluate
site microbial activity.

Following the site characterization activities, the pump tests were conducted. At monitoring
well MW 644, pilot tests for skimmer pumping, bioslurping, and drawdown pumping were
conducted. The LNAPL recovery testing was conducted in the following sequence at monitoring well
MW 644: 48 hr in the skimmer configuration, 101.5 hr in the bioslurper configuration, an additional
23 hr in the skimmer configuration, and 28 hr in the drawdown configuration.

Measurements of extracted soil gas composition, LNAPL thickness, and groundwater level
were taken throughout the testing. The volume of LNAPL recovered and groundwater extracted were

quantified over time.

2.0 SITE DESCRIPTION

Shaw AFB is located in central South Carolina. The site under investigation at Shaw AFB is
Operable Unit 1 (OU-1), IRP Site SS-15. The organic liquid contaminant is JP-4 jet fuel, and the
primary source of contamination appears to be the underground storage tank farms. Figure 1 shows

the OU-1 site, including monitoring well locations and the extent of the free-product plume. The area
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Figure 1. Site Map Showing the Location of Monitoring Wells
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under consideration for bioslurping activities is the smaller circular plume located to the south of the
two adjoining larger plumes. From these data, the wells that are most likely to yield significant
amounts of free product have been identified. Wells MW-634 and MW-644 had fuel thicknesses of
6.85 ft and 6.71 ft, respectively, when measured on January 14, 1996. Measurements taken February
23, 1996, revealed decreased thicknesses of 1.31 ft and 5.64 ft at respective wellsMW-634 and
MW-644. Depth to product at the two wells ranged from 41 to 44 ft bgs and depth to water from 46
to 49 ft bgs during the January/February 1996 readings.

Preliminary soil analytical results from wells in the area under investigation revealed BTEX
concentrations ranging from 29 to 158 mg/kg and TPH concentrations ranging from 27 to 3,700
mg/kg. Groundwater analysis data is limited to samples taken from the POL Yard area, where the
BTEX concentration in groundwater was found to be approximately 5 ppm and the benzene
concentration approximately 1.4 ppm.

Polycyclic aromatic hydrocarbons (PAHs) have also been found to be present at the POL
Yard site. Previous analyses of the groundwater have revealed the presence of four PAHs —
acenaphthene, naphthalene, methylnaphthalene, and fluorene. However, all previous analyses of the
site soils and groundwater have indicated that the main source of contamination at the POL Yard site

is the free-product plume of JP-4 jet fuel.

3.0 BIOSLURPER SHORT-TERM PILOT TEST METHODS

This section documents the initial conditions at the test site and describes the test equipment

and methods used for the short-term pilot test at Shaw AFB.
3.1 Initial LNAPL/Groundwater Measurements and Baildown Testing

Monitoring wells MW 644 and MW 643 were evaluated for use in the bioslurper pilot testing.
Initial depths to LNAPL and to groundwater were measured using an oil/water interface probe (ORS
Model #1068013). LNAPL was removed from the well with a Teflon® bailer until the LNAPL
thickness could no longer be reduced. The rate of increase in the thickness of the ﬂoaﬁng LNAPL
layer was monitored using the oil/water interface probe for approximately 5 hr at monitoring well

MW 634 and for approximately 4 hr at monitoring well MW 644.




3.2 Well Construction Details

Short-term bioslurper pump tests were conducted at existing monitoring well MW 644.
Monitoring well MW 644 is constructed of 4-inch-diameter, schedule 80 polyvinyl chloride (PVC).
Total well depth is 49 ft with a screen length of 10.0 ft. A schematic diagram illustrating general

well construction details for monitoring well MW 644 is provided in Figure 2.
3.3 Soil Gas Monitoring Point Installation

Three monitoring points were installed and labeled MPA, MPB, MPC, and MPD. The
locations and constructions details of the monitoring points are illustrated in Figure 2.

The monitoring points consisted of %-inch tubing, with 1-inch-diameter, 6-inch-long screened
areas. The screened lengths were positioned at depths of 30, 35, and 40 ft bgl at monitoring point
MPA, MPB, and MPC, and at a depth of 16 ft bgl at monitoring point MPD. The annular space
corresponding to the screened length was filled with silica sand. The interval from the top of the
screened length to the bottom of the next screened length, as well as the interval from the ground
surface to the top of the first screened length, was filled with bentonite clay chips. After placement,
the bentonite clay was hydrated with water to expand the chips and provide a seal.

Type K thermocouples were installed with monitoring point MPC at depths of 30 and 40 ft
bgl.

After installation of the monitoring points, initial soil gas measurements were taken with a
GasTech portable O2/CO2 meter and a GasTech TraceTechtor portable hydrocarbon meter. Oxygen
limitation was observed at all monitoring points, with oxygen concentrations below 5% at all depths.
TPH concentrations were greater than 20,000 ppmv at all monitoring point screened intervals (Table

1). Monitoring point MPD was installed later in the testing; therefore, no initial data is shown.
3.4 Soil Sampling and Analysis

Two soil samples were collected during the installation of monitoring point MPB and were
labeled SHW-S-1 and SHW-S-2. Sample SHW-S-1 was collected from 38 to 40 ft bgl and sample
SHW-S-2 was collected from 40 to 42 ft bgl using a split spoon sampler with brass sleeves. The

samples were placed in an insulated cooler, chain-of-custody records and shipping papers were
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Table 1. Initial Soil-Gas Compositions at Site SS-15

Monitoring Point Depth (ft) Oxygen (%) Carbon Dioxide (%) TPH (ppmv)
MPA 30 6.5 7.0 >20,000
35 3.0 9.0 >20,000
40 1.0 11 >20,000
MPB 30 2.5 9.0 >20,000
35 2.0 9.5 >20,000
40 1.0 9.5 >20,000
MPC 30 2.0 9.0 >20,000
35 0.5 . 10 >20,000
40 2.5 8.5 >20,000

completed, and the samples were sent to Alpha Analytical, Inc., in Sparks, Nevada. Samples were
analyzed for BTEX, bulk density, moisture content, particle size, porosity, and TPH. The laboratory
analytical report is provided in Appendix B.

3.5 LNAPL Recovery Testing

3.5.1 System Setup

The bioslurping pilot test system is a trailer-mounted mobile unit. The vacuum pump
(Atlantic Fluidics Model A100, 7.5-hp liquid ring pump), filter box, oil/water separator, and required
support equipment were carried to the test location on a trailer. The trailer was located near the
monitoring well, the well cap was removed, a well seal was placed on the top of the well, and the
slurper tube was lowered into the well. The slurper tube was attached to the vacuum pump.
Different configurations of the well seal and the placement depth of the slurper tube allow for
simulation of skimmer pumping, operation in the bioslurping configuration, or simulation of

drawdown pumping. Extracted soil gas was discharged into the atmosphere. Extracted groundwater




was treated by passing the recovered fluid through the filter box, the oil/water separators, and a
settling tank. The groundwater was then discharged into the base’s treatment plant.

A brief system startup test was performed prior to LNAPL recovery testing to ensure that all
system components were working properly. The system checklist is provided in Appendix C. All
site data and field testing information were recorded in a field notebook and then transcribed onto

pilot test data sheets provided in Appendix D.

3.5.2 Initial Skimmer Pump Test

Prior to test initiation, depths to LNAPL and groundwater were measured. The liquid ring
pump was used to conducted the skimmer pump test. The slurper tube was set at the oil/water
interface. The drop tube was held in position by the well seal, and was positioned to leave the
wellhead vented to the atmosphere (Figure 3). The liquid ring pump and oil/water separator were
primed with known amounts of groundwater to ensure that any LNAPL or groundwater entering the
system could be quantified. The flow totalizers for the LNAPL and aqueous effluent were zeroed,
and the liquid ring pump was started at 11:48 am, 9 July 1996, to begin the second skimmer pump
test. The pump vacuum was approximately 16”Hg and the vapor flowrate was approximately 32
scfm. The LNAPL and groundwater extraction rates were monitored throughout the test, as were all

other relevant data for the bioslurper pump test. Test data sheets are provided in Appendix D.

3.5.3 Bioslurper Pump Test

Upon completion of the skimmer pump test, preparations were made to begin the bioslurper
pump test. The LNAPL and groundwater depth were measured prior to any recovery testing. The
slurper tube was set at the LNAPL/groundwater interface. The sanitary well seal was positioned
inside the well, sealing the wellhead and allowing the pump to establish a vacuum in the well (Figure
4). A pressure gauge was installed at the wellhead to measure the vacuum inside the extraction well.
The liquid ring pump was started at 12 pm, 11 July 1996, to begin the bioslurper pump test. The test
was initiated approximately 0.5 hr after the skimmer pump test and was operated for 101.5 hr.
Approximately 83 hr after test initiation, the liquid ring pump shut down for unknown reasons, but
probably was due to thunderstorms in the area. The pump was down for approximately 4 hr. The

pump test was initiated at full vacuum (19”Hg). After 5 hours, the vacuum was cut to 16”Hg and
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after an additional 47.5 hr the pump was operated at full vacuum again (18”"Hg). Vapor flowrates
were approximately 9.5 scfm during the initial full vacuum portion of the pump test, 9.4 to 15 scfm
during the reduced vacuum portion, and 14 to 26 scfm during the final full vacuum test. Well
vacuums were approximately 26"H,O during the initial full vacuum portion of the pump test, 12 to
13.5"H,0 during the reduced vacuum portion, and 21 to 22”H,0 during the final full vacuum test.
The LNAPL and groundwater extraction rates were monitored throughout the test, as were all other

relevant data for the bioslurper pump test. The data sheets are provided in Appendix D.

3.5.4 Second Skimmer Pump Test

Upon completion of the bioslurper pump test at monitoring well MW 644, preparations were
made to begin the second skimmer pump test. Prior to test initiation, depths to LNAPL and
groundwater were measured. The bioslurper system was used to conducted this skimmer pump test.
The slurper tube was set at the oil/water interface. The drop tube was held in position by the well
seal, and was positioned to leave the wellhead vented to the atmosphere. The liquid ring pump and
oil/water separator were primed with known amounts of groundwater to ensure that any LNAPL or
groundwater entering the system could be quantified. The flow totalizers for the LNAPL and aqueous
effluent were zeroed, and the liquid ring pump was started at 4:15 pm, 15 July 1996, to begin the
second skimmer pump test. The test was initiated approximately 0.5 hour after the bioslurper pump
test and was operated continuously for 23 hours. The pump vacuum was approximately 15”Hg and
the vapor flowrate was approximately 36 scfm. The LNAPL and groundwater extraction rates were
monitored throughout the test, as were all other relevant data for the bioslurper pump test. Test data
sheets are provided in Appendix D.

An LNAPL sample was collected from monitoring well MW 644 for analysis of BTEX and
for boiling point fractionation and was labeled SHW-FP-1. The sample was sent to Alpha Analytical,

Inc., in Sparks, Nevada for analysis.

3.5.5 Drawdown Pump Test

Upon completion of the second skimmer pump test, preparations were made to begin the

drawdown pump test. Drawdown testing was conducted to determine if a cone of groundwater
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depression would enhance LNAPL recovery. The slurper tube was positioned 22 inches below the
LNAPL/water interface measured prior to any recovery pump testing (Figure 5). The liquid ring
pump was started at 8:10 am, 17 July 1996, to begin the drawdown pump test. The test was initiated
approximately 17 hr after the second skimmer pump test was completed and was operated
continuously for 28 hr. The pump vacuum was approximately 17”Hg and the vapor flowrate was
approximately 26 scfm. The LNAPL and groundwater extraction rates were monitored throughout
the test, as were all other relevant data for the drawdown pump test. Test data sheets are provided in

Appendix D.

3.5.6 Off-Gas Sampling and Analysis

Three soil gas samples were collected during the pump tests at monitoring well MW 644,
Samples SHW-AE-1 and SHW-AE-2 were collected during the bioslurper pump test at monitoring
well MW 644 after 52 and 78 hr of operation, respectively. Sample SHW-AE-3 was collected during
the second skimmer pump test following approximately 16 hr of operation. The samples were
collected in Summa® canisters and sent under chain of custody to Air Toxics, Ltd., in Folsom,

California, for analyses of BTEX and TPH, using EPA Method TO-3.

3.5.7 Groundwater Sampling and Analysis

Six groundwater samples were collected during the pump tests at monitoring well MW 644
and were labeled SHW-DC-1, SHW-DC-2, SHW-DC-3, SHW-DC-4, SHW-DC-5, and SHW-DC-6.
Each sample was collected from the settling tank. Samples SHW-DC-1, SHW-DC-2, SHW-DC-3,
and SHW-DC-4 were collected during the bioslurper pump test after approximately 52, 52, 78, and
78 hr of operation, respectively. Samples SHW-DC-5 and SHW-DC-6 were collected during the
second skimmer pump test after approximately 16 hr of operation. Samples were collected in 40-mL
septa vials containing hydrochloric acid (HC1) preservative. Samples were checked to ensure no
headspace was present and were then shipped on ice and sent under chain of custody to Alpha

Analytical, Inc., in Sparks, Nevada for analyses of BTEX and TPH (purgeable).
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3.6 Bioventing Analyses
3.6.1 Soil Gas Permeability Testing

The soil gas permeability test data were collected during the bioslurper pump test at
monitoring well MW 644. Before a vacuum was established in the extraction well, the initial soil gas
pressures at the three installed monitoring points were recorded. The start of the bioslurper pump test
created a steep pressure drop in the extraction well which was the starting point for the soil gas
permeability testing. Soil gas pressures were measured at each of the three monitoring points at all
depths to track the rate of outward propagation of the pressure drop in the extraction well. Soil gas
pressure data were collected frequently during the first 20 minutes of the test. The soil gas pressures
were recorded throughout the bioslurper pump test to determine the bioventing radius of influence.

Test data are provided in Appendix E.
3.6.2 In Situ Respiration Testing

Air containing approximately 2% helium was injected into four monitoring points for
approximately 21 hr beginning on 17 July 1996. The setup for the in situ respiration test is described
in the Test Plan and Technical Protocol a Field Treatability Test for Bioventing (Hinchee et al.,
1992). A '-hp diaphragm pump was used for air and helium injection. Air and helium were
injected through monitoring points SHW-MPA-30.0’, SHW-MPA-35.0’, SHW-MPA-40.0’, and
SHW-MPD-16.0'. After the air/helium injection was terminated, soil gas concentrations of oxygen,
carbon dioxide, TPH, and helium were monitored periodically. The in situ respiration test was
terminated on 18 July 1996. Oxygen utilization and biodegradation rates were calculated as described
in Hinchee et al. (1992). Raw data for these tests are presented in Appendix F.

Helium concentrations were measured during the in situ respiration test to quantify helium
leakage to or from the surface around the monitoring points. Helium loss over time is attributable to
either diffusion through the soil or leakage. A rapid drop in helium concentration usually indicates
leakage. A gradual loss of helium along with a first-order curve generally indicates diffusion. As a
rough estimate, the diffusion of gas molecules is inversely proportional to the square root of the
molecular weight of the gas. Based on molecular weights of 4 for helium and 32 for oxygen, helium

diffuses approximately 2.8 times faster than oxygen, or the diffusion of oxygen is 0.35 times the rate
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of helium diffusion. As a general rule, we have found that if helium concentrations at test completion
are at least 50 to 60% of the initial levels, measured oxygen uptake rates are representative. Greater

helium loss indicates a problem, and oxygen utilization rates are not considered representative.

i

4.0 RESULTS

This section documents the results of the site characterization, the comparative LNAPL

recovery pump test, and other supporting tests conducted at Shaw AFB.

4.1 Baildown Test Results

Results from the baildown tests are presented in Tables 2 and 3. Baildown recovery tests
provide a qualitative indication of the presence of mobile, free-phase LNAPL and recovery potential.
Overall, the baildown recovery tests indicated a relatively high rate of LNAPL recovery into the
wells. At monitoring well MW 644, LNAPL recovered to within 70% of initial levels by the end of
the 4 hr baildown test. At monitoring well MW 634, LNAPL recovered to a level approximately
50% of the initial LNAPL thickness. Based on these results, pilot testing was initiated on monitoring
well MW 644.

4.2 Soil Sample Analyses

Table 4 shows the TPH and BTEX concentrations measured in soil samples collected from
Site SS-15. TPH and BTEX concentrations were very similar between samples with benzene below
detection limits in both samples. TPH and BTEX concentrations averaged 385 mg/kg and 2.7 mg/kg,
respectively. The results of the physical characterization and inorganic analysis of the soil are

presented in Table 5. Soils were very permeable, with soils consisting primarily of sand.
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Table 2. Baildown Test Results at Monitoring Well MW 634

Sample Collection

Depth to

LNAPL Thickness

Time Groundwater (ft) Depth to LNAPL (ft) (ft)
Initial Reading 6.51
7/8/96-1330
7/8/96-1358 51.36 50.71 0.65
7/8/96-1400 51.15 50.29 0.86
7/8/96-1402 50.89 49.81 1.08
7/8/96-1406 50.28 49.21 1.07
7/8/96-1409 50.01 48.99 1.02
7/8/96-1411 49.82 48.89 0.93
7/8/96-1414 49.45 48.63 0.82
7/8/96-1418 49.29 48.44 0.85
7/8/96-1422 49.16 48.21 0.95
7/8/96-1426 49.02 48.01 1.01
7/8/96-1431 48.88 47.79 1.09
7/8/96-1436 48.81 47.59 1.22
7/8/96-1441 48.77 47.31 1.46
7/8/96-1514 48.75 46.76 1.99
7/8/96-1549 48.81 46.41 2.40
7/8/96-1822 49.46 45.85 3.61
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Table 3. Baildown Test Results at Monitoring Well MW 644

Sample Collection Depth to LNAPL Thickness
Time Groundwater (ft) Depth to LNAPL (ft) (ft)
Initial Reading 4.34
7/8/96-1430
7/8/96-1452 47.62 45.89 1.73
7/8/96-1454 47.55 45.81 1.74
7/8/96-1455 47.52 45.75 1.77
7/8/96-1456 47.42 45.65 1.77
7/8/96-1459 47.34 45.57 1.77
7/8/96-1502 47.25 45.43 1.82
7/8/96-1513 47.00 45.07 1.93
7/8/96-1518 46.95 44 .96 1.99
7/8/96-1529 46.83 44.78 2.05
7/8/96-1601 46.81 44 .46 2.35
7/8/96-1811 47.24 44.09 3.15
17




Table 4. TPH and BTEX Concentrations in Soil Samples

Parameter Concentration (mg/kg)
SHW-S-1 SHW-S-2
TPH (Purgeable) 390 380
Benzene <0.10 <0.10
Toluene 0.13 0.16
Ethylbenzene 0.28 0.33
Total Xylenes 1.8 2.5
.Table 5. Physical Characterization of Soil Samples
Parameter Sample
SHW-S-1 SHW-S-2
Moisture Content (%) 1.8 2.3
Porosity (%) 42.7 46.4
Density (g/cm®) 1.52 1.42
Particle Size Sand 98.1 NA
Silt 1.9 NA
Clay 0 NA
18




4.3 LNAPL Pump Test Results
4.3.1 Initial Skimmer Pump Test Results

A significant quantity of LNAPL was recovered during this test during 48 hr of continuous
extraction during the skimmer pump test (Table 6). The initial LNAPL recovery rate was 23.5
gallons/day, which dropped to 14.5 gallons/day by the second day of testing. A total of
approximately 390 gallons of groundwater was produced with an average production rate of 196

gallons/day. Results of LNAPL recovery versus time are shown in Figure 6.
4.3.2 Bioslurper Pump Test Results

LNAPL recovery was significantly greater than that observed during the skimmer pump test
(Figure 6). Bioslurper testing was conducted for approximately four days, resulting in relatively high
recovery on the first day (46 gallons/day), with a significant reduction in recovery by day 2 to 28
gallons/day. However, by day 3, LNAPL recovery rates increased to 37 gallons/day, and remained
relatively constant for the remainder of the testing. This increase on day 3 corresponds to increasing
the pump vacuum and a corresponding increase in vapor flowrate and well vacuum.

A total of 150 gallons of LNAPL and 1,240 gallons of groundwater was extracted, with daily
average recovery rates of 38 gallons/day for LNAPL and 320 gallons/day for groundwater (Table 6).
The LNAPL recovery rate versus time is shown in Figure 7.

Soil gas concentrations were measured during the bioslurper test at monitoring points adjacent
to monitoring well MW 644 to determine if the vadose zone was being oxygenated via the bioslurper
action., Unfortunately, results were inconclusive based on oxygen measurements, although soil gas
permeability testing indicated that a radius of influence of approximately 40 ft could be achieved. In
general, it is our experience that oxygenation will occur at monitoring points where a perceptible

pressure change is measured.
4.3.3 Second Skimmer Pump Test

LNAPL recovery rates during the second skimmer pump test were similar to the initial

skimmer pump test during approximately 23 hours of continuous pumping. Approximately 21 gallons

19




Table 6. Pump Test Results at Monitoring Well MW 644

Recovery Rate (gallons/day)
Initial Skimmer Second Skimmer
Time Pump Test Bioslurper Pump Test Pump Test Drawdown Pump Test
Mays) | [NAPL | Groundwater | LNAPL | Groundwater | LNAPL | Groundwater | LNAPL | Groundwater
1 24 180 46 320 22 190 31 240
2 15 210 28 240 NA NA 28 230
3 NA NA 37 350 NA NA NA NA
4 NA NA 36 250 NA NA NA NA
5 NA NA 42 340 NA NA NA NA
Average 18 200 38 320 22 190 30 240
Total 36.1 390 150 1,240 21.2 180 542 435
Recovery
(gallons)
NA = Not applicable.
20




Fuel Recovered (gal)

250 | skimmer | Bioslurper Pump Test ./.
Pump Test g
225 P
200 | /
175 o
/
150 | ./’
Drawdown
125 / Pump Test
|
100 |- /‘/
75
50
25 /
0 & I ! ! ! | L
0 24 48 72 96 120 144 168 192
Time (hr)

Second Skimmer

Pump Test

'

c:\plot50\biosturp\shaw\fuelreco.

Figure 6. LNAPL Recovery Versus Time During Each Pump Test

21

.spS




Fuel Recovery Rate (gallons/day)

50

40

30

20

10

24

48

72

Time (hours)

96

c:\plot50\bioslurp\shaw\fuelrate.spS

Figure 7. LNAPL Recovery Rate Versus Time During the Bioslurper Pump Test

22




of LNAPL and 180 gallons of groundwater were recovered during the second skimmer pump test,
with daily average recovery rates of 22 and 190 gallons/day, respectively (Table 6). These results
demonstrate that operation of the bioslurper system in the skimmer mode was an effective means of
free-product recovery, although recovery rates are significantly lower than during bioslurping.

»

4.3.4 Drawdown Pump Test

Drawdown pump testing was conducted to determine if a cone of groundwater depression
would enhance LNAPL recovery. The water table was depressed 22 inches below the static water
table in monitoring well MW 644. Significant quantities of LNAPL were recovered, with average
rates of 30 gallons/day and a total recovery of approximately 54 gallons (Table 6). Groundwater
production rates were on the order of 240 gallons/day, with a total of approximately 440 gallons
produced. These results demonstrate that the vacuum gradient maintained during the bioslurper test

resulted in higher fluid recovery rates than the 22 inch-groundwater drawdown test.
4.3.5 Extracted Groundwater, LNAPL, and Off-Gas Analyses

Results of groundwater analyses are shown in Table 7. Contaminant concentrations were
similar between the samples, with average TPH and total BTEX concentrations of 2.7 mg/L and 1.1
mg/L, respectively. The on-site water treatment equipment, consisting of a filter tank, oil/water
separator, and clarification tanks, resulted in water effluent (2.3 to 3.0 mg/L total hydrocarbons) that
is considered compatible with typical sanitary sewer discharge limits.

The results from the off-gas analyses are presented in Table 8. Given a flowrate of 12.5 scfm
and using an average concentration of 12,500 ppmv TPH and 1,300 ppmv benzene, approximately 65
Ib/day of TPH and 4.7 Ib/day of benzene were emitted to the air. Thus, mass removal in the vapor
phase is significant. Higher vapor mass removal rates are more often sustained at those sites where
liquid product recovery is sustained. Sample SHW-AE-3 was collected during the second skimmer
pump test and contaminant concentrations were approximately an order of magnitude higher‘than
previously collected samples. There is no apparent reason for this difference, but may have been

caused by a contaminant slug in the sample.
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Table 7. BTEX and TPH Concentrations in Extracted Groundwater During Pump Tests

Concentration (mg/L)

Parameter SHW-DC-1/2! SHW-DC-3/4 SHW-DC-5/6
TPH (purgeable) 3.0 2.9 2.3
Benzene 0.062 0.076 0.11
Toluene 0.31 0.30 0.32
Ethylbenzene 0.11 0.097 0.10
Total Xylenes 0.64 0.61 0.63

Glleeled Lo 1500 5,1 Tanli

and -6 were analyzed for TPH only.

Samples SHW-DC-1, -3, and -6 were analyzed for BTEX only.” Samples SHW-DC-2, -4,

Table 8. BTEX and TPH Concentrations in Off-Gas During the Bioslurper Pump Test

Concentration (ppmv)

Parameter SHW-AE-1 SHW-AE-2 SHW-AE-3!
TPH as jet fuel 13,000 12,000 130,000
Benzene 1,900 700 11,000
Toluene 1,900 1,100 14,000
Ethylbenzene 1,200 590 9,800
Total Xylenes 2,400 1,200 20,000

1

Off-gas sample was not collected during bioslurper operations.
T —————— .




The composition of LNAPL is shown in Tables 9 and 10 in terms of BTEX concentrations
and distribution of C-range compounds, respectively. The distribution of C-range compounds also is

shown graphically in Figure 8.
4.4 Bioventing Analyses
4.4.1 Soil Gas Permeability and Radius of Influence

The radius of influence is calculated by plotting the log of the pressure change at a specific
monitoring point versus the distance from the extraction well. The radius of influence is then defined
as the distance from the extraction well where 0.10 inch of H,0O can be measured. Based on this
definition, the radius of influence during the bioslurper pump test at MW 644 was approximately 40
ft (Figure 9).

4.4.2 In Situ Respiration Test Results

Results from the in situ respiration test are presented in Table 11. Oxygen utilization rates
were relatively high, ranging from 0.025 to 21 %O,/hr. Biodegradation rates ranged from 0.41 to
340 mg/kg-day. Biodegradation rates were significantly higher at the deeper depths than at a depth of
16 ft bgl. These results indicate that biodegradation in these locations is significant and that

bioventing is feasible at this site.

5.0 DISCUSSION AND CONCLUSIONS

The main objective of the field pilot test at Site SS-15, Shaw AFB was to determine if
LNAPL recovery is feasible and to select the most effective method of LNAPL recovery.

Baildown recovery tests were conducted at monitoring wells MW 634 and MW 644.
Baildown recovery tests provide a qualitative indication of the presence of mobile, free-phase LNAPL

and recovery potential. Overall, the baildown recovery tests indicated a relatively high rate of

" LNAPL recovery into the wells. At monitoring well MW 644, LNAPL recovered to within 70% of

initial levels by the end of the 4 hr baildown test. At monitoring well MW 634, LNAPL recovered to
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Table 9. BTEX Concentrations in LNAPL

Compound Concentration (mg/kg)
Benzene 1,300
Toluene 7,100
Ethylbenzene 3,300
Total Xylenes 17,000

Table 10. C-Range Compounds in LNAPL

C-Range Percentage of Total (%)
<C9 49.93
C10 13.04
Cl11 11.19
C12 10.35
C13 7.98
Cl4 4.69
C15 1.92
C16 0.54
>C17 0.36
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Table 11. In Situ Respiration Test Results

Monitoring Point Oxygen Utilization Rate (%/hr) | Biodegradation Rate (mg/kg-day)
MPA-30' 2.4 39
MPA-35’ 5.6 91
MPA-40’ 21 340
MPD-16' 0.025 0.41

a level approximately 50% of the initial LNAPL thickness. Based on these results, pilot testing was
initiated on monitoring well MW 644.

Direct pumping tests were conducted at monitoring well MW 644. Skimmer pump testing
was conducted at monitoring well MW 644 in a continuous extraction mode for two days. A
significant quantity of LNAPL was recovered during this pump test. The initial LNAPL recovery
rate was 23.5 gallons/day, which dropped to 14.5 gallons/day by the second day of testing. A total
of approximately 390 gallons of groundwater was produced with an average production rate of 200
gallons/day. LNAPL recovery was significantly greater during the bioslurper pump test than that
observed during the skimmer pump test. Bioslurper testing was conducted for approximately four
days, resulting in relatively high recovery on the first day (46 gallons/day), with a significant
reduction in recovery by day 2 to 28 gallons/day. However, by day 3, LNAPL recovery rates
increased to 37 gallons/day, and remained relatively constant for the remainder of the testing. This
increase on day 3 corresponds to increasing the pump vacuum and a corresponding increase in vapor
flowrate and well vacuum. A total of 150 gallons of LNAPL and 1,240 gallons of groundwater was
extracted, with daily average recovery rates of 38 gallons/day for LNAPL and 320 gallons/day for
groundwater.

LNAPL recovery rates during the second skimmer pump test were similar to the initial
skimmer pump test during approximately 23 hours of continuous pumping. Approximately 21 gallons
of LNAPL and 180 gallons of groundwater were recovered during the second skimmer pump test,
with daily average recovery rates of 22 and 190 gallons/day, respectively. These results demonstrate
that operation of the bioslurper system in the skimmer mode was an effective means of free-product

recovery, although recovery rates are significantly lower than during bioslurping.
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Drawdown pump testing was conducted to determine if a cone of groundwater depression
would enhance LNAPL recovery. The water table was depressed 22 inches below the static water
table in monitoring well MW 644. Significant quantities of LNAPL were recovered, with average
rates of 30 gallons/day and a total recovery of approximately 54 gallons. Groundwater production
rates were on the order of 240 gallons/day, with a total of approximately 440 gallons produced.
These results demonstrate that the vacuum gradient maintained during the bioslurper test resulted in
higher fluid recovery rates than the 22 inch-groundwater drawdown test.

Bioslurping also promotes mass removal in the form of in situ biodegradation via bioventing
and soil gas extraction. Vapor phase mass removal is the result of soil gas extraction as well as
volatilization that occurs during the movement of LNAPL free product through the extraction
network. Given a flowrate of 12.5 scfm and using an average concentration of 12,500 ppmv TPH
and 1,300 ppmv benzene, approximately 65 Ib/day of TPH and 4.7 1b/day of benzene were emitted to
the air. Thus, mass removal in the vapor phase is significant. Higher vapor mass removal rétes are
more often sustained at those sites where liquid product recovery is sustained.

The initial soil gas profiles at the site displayed oxygen-deficient, carbon dioxide-rich, high
total volatile hydrocarbon vapor conditions at depths from 30 to 40 ft bgl. These conditions indicate
that natural biodegradation of residual petroleum hydrocarbons has occurred, but is limited by oxygen
availability. Soil gas concentrations were measured during the bioslurper test at monitoring points
adjacent to monitoring well MW 644 to determine if the vadose zone was being oxygenated via the
bioslurper action. Unfortunately, results were inconclusive based on oxygen measurements, although
soil gas permeability testing indicated that a radius of influence of approximately 40 ft could be
achieved. In general, it is our experience that oxygenation will occur at monitoring points where a
perceptible pressure change is measured. In situ biodegradation rates 0.025 of 21 to mg/kg-day were
measured at four different locations. Based on the radius of influence of 40 ft and a
hydrocarbon-impacted soil thickness of 40 ft, mass removal rates via biodegradation are on the order
of 0.43 to 370 Ibs of hydrocarbon per day. Thus, mass removal rates via biodegradation could be
more significant than the vapor phase removal rates measured during the bioslurper test. These
results indicate that bioventing is feasible at this site. Air injection bioventing is preferable over
bioslurping and soil vapor extraction with respect to the elimination of hydrocarbon vapor emissions.

In summary, the on-site testing at Site SS-15, Shaw AFB, included the direct testing of
gravity-driven and vacuum-driven LNAPL free product recovery techniques, bioventing, physical

sampling, and tests relevant to soil vapor extraction. Liquid phase recovery was sustainable during
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all pump tests, with the highest recoveries during bioslurping. The in situ respiration test and vadose
zone radius of influence testing demonstrate that bioventing may be feasible at this site. Bioslurping

appears to be a suitable recovery technique for this site.
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SITE-SPECIFIC TEST PLAN FOR BIOSLURPER FIELD ACTIVITIES AT
SHAW AIR FORCE BASE, SOUTH CAROLINA (A002)

DRAFT

U.S. Air Force
Brooks AFB

May 3, 1995

1.0 INTRODUCTION

The Air Force Center for Environmental Excellence is conducting a nationwide application of an inno-
vative technology for free-product recovery and soil bioremediation. The technology tested in the
Bioslurper Initiative is vacuum-enhanced free-product recovery/bioremediation (bioslurping). The field
test and evaluation are intended to demonstrate the initial feasibility of bioslurping by measuring
system performance in the field. System performance parameters, mainly free-product recovery, will
be determined at numerous sites. Field testing will be performed at many sites to determine the
effects of different organic contaminant types and concentrations and different geological conditions on
bioslurping effectiveness.

Plans for the field test activities are presented in two documents. The first is the overall test plan and
technical protocol for the entire program, titled Test Plan and Technical Protocol for Bioslurping
(Battelle, 1995). The overall plan is supplemented by plans specific to each test site. The concise
site-specific plans effectively communicate regulatory background to Base personnel.

The overall test plan and protocol was developed as a generic plan for the Bioslurper Initiative to
improve the accuracy and efficiency of test plan preparation. The field program requires installation
and operation of the bioslurping system supported by a wide variety of site characterization, perfor-
mance monitoring, and chemical analysis activities. - The basic methods to be applied from site to site
do not change. Preparation and review of the overall plan allows efficient documentation and review
of the basic approach to the test program. Peer and regulatory review were performed for the overall
plan to ensure the credibility of the overall program.

This letter report is the site-specific plan for application of bioslurping at Shaw Air Force Base, South
Carolina. It was prepared based on site-specific information received by Battelle from Shaw AFB and
other pertinent site-specific information to support the generic test plan.

Site-specific information for Shaw AFB included data for the POL Depot and surrounding area. An
initial review of the data indicates that the southeastern corner of the depot is the most likely candidate
for the bioslurper pilot test. Specifically, Well #COE-T22, near Building 103, and Well #MW-506, at
the underground storage tank (UST) Site SS-15, appear to be good candidates for the bioshurper field
test. If the southeastern corner of the POL site is found unsuitable for testing, the area south of the
POL depot is a viable alternative.
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2.0 SITE DESCRIPTION

The site of interest is the southeastern corner of the POL Depot. The organic liquid contaminant is
JP-4 jet fuel, and the primary source of contamination appears to be the underground storage tank
farms. Figure 1 shows the POL Depot site, including the monitoring wells in the vicinity and the

. extent of the free-product plume. Table 1 summarizes the subsurface fuel thickness measurement data

for all wells located in the area around the POL Depot. From these data, the wells that are most likely
to yield significant amounts of free product have been identified. Well #COE-T2 and Well #MW-506
had the greatest fuel thickness when measurements were taken January 16, 1992; their measurements
were 3.14 and 2.62 fi, respectively. When the July 15, 1993, measurement was taken, these
thicknesses had reduced to 1.88 and 1.65 ft, but were still the largest amounts of free product
measured in the site wells. This decrease in fuel thickness most likely is the result of an interim free-
product/groundwater recovery system that has been in operation since May 18, 1991.

Site characterization (see Section 3.2) will begin with the wells residing in the free-product plume (see
Figure 1) within the POL Depot. If these wells prove unsuitable, or if site logistics prevent their use,
the wells south of the POL Depot will be used. Possible candidate wells for the bioslurper pilot test
are Well #MW-617 and Well #MW-634. Information on the well construction data of possible
candidate wells is located in Appendix A.

The principal organic liquid contaminant in the candidate test site at Shaw AFB is JP-4 jet fuel.
Previous analyses have shown that the principal constituents at the site are benzene, toluene,
ethylbenzene, and xylenes (BTEX). The BTEX concentration in groundwater in the area of Well

#COE-T2 and Well #MW-506 is approximately 5 ppm, with a benzene concentration of approximately
1.4 ppm.

Polycyclis aromatic hydrocarbons (PAHs) also have been found to be present at the site. Previous
analyses of the groundwater at the site have revealed the presence of four PAHs — acenaphthene,
naphthalene, methylnaphthalene, and fluorene. However, all previous analyses of the site soils and

groundwater have indicated that the main source of contamination at the site is the free-product plume
of JP-4 jet fuel.

3.0 PROJECT ACTIVITIES

The following field activities are planned for the bioslurper pilot test at Shaw AFB. Additional details
about the activities are presented in the Test Plan and Technical Protocol for Bioslurping (Battelle,
1995). As appropriate, specific sections in the generic Bioslurping Protocol assessment are referenced.
Table 2 shows the schedule of activities for the Bioslurper Initiative at Shaw AFB.

3.1 Mobilization to the Site

After the site-specific test plan is approved, Battelle staff will mobilize equipment. All equipment will
be mobilized to Shaw AFB by Battelle staff. The exact mobilization date will be confirmed with the
Base Point of Contact (POC) as far in advance of fieldwork as is possible. The Battelle POC will
provide the Base POC with information on each Battelle employee who will be on site.
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Figure 1. Location of Areas of Interest for Bioslurper Testing at Shaw AFB
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Table 2. Schedule of Bioslurper Test Activities

Pilot Test Activity I Schedule
Mobilization - day 1-2
Site Characterization day 2-3
Baildown Tests and Product/Groundwater Interface Monitoripg
Soil-Gas Survey (limited)
Monitoring Point (MP) Installation (3 MPs)
Soil Sampling (TPH, BTEX, physical characteristics)
System Installation day 2-3
Test Startup day 3
Skimmer Test (2 days) day 3-4
Bioslurper Vacuum Extraction (4 déys) day 6-9
Soil-Gas Permeability Testing day 6
Skimmer Test (continued) day 10
In Situ Respiration Test — air/helium injection day 10
In Situ Respiration Test — monitoring day 11-16
Drawdown Pump Test (2 days) day 11-12
Demobilization/Mobilization day 13-14

3.2 Site Characterization Tests

3.2.1 Baildown Tests

The baildown test is the primary test for selection of the bioslurper test well. Baildown tests will be
performed at wells that contain measurable thicknesses of light, nonaqueous-phase liquid (LNAPL) to
estimate the LNAPL recovery potential at those particular wells. In most cases, the well exhibiting the
highest rate of LNAPL recovery will be selected for the bioslurper extraction well. Table 3 presents
the volume of fuel that would be present in a 1-foot measured thickness for vaious size wells.

Detailed procedures for the baildown tests are provided in Section 5.6 of the generic Bioslurping
Protocol.
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Table 3. Volumes Per Unit Length for Common Well Casing Diameters

Nominal Gal/ft Gal/ft
Pipe Size (Schedule 40 Pipe) (Schedule 80 Pipe)
2.0 0.174 0.153
3.0 0.384 0.343
4.0 0.661 0.597
6.0 1.50 1.35

3.2.2 Soil-Gas Survey (Limited)

A small-scale soil-gas survey will be conducted to identify the best location for installation of the bio-
slurping system. The soil-gas survey will be conducted in areas where historical site data indicate the
highest contamination levels. In Table 1, the heavily contaminated wells appear in bold type. The
area around these wells will be surveyed to select the locations for installation of soil-gas monitoring
points. Soil-gas surveying will be concentrated around areas that exhibit the following characteristics.

1. Soil vapor from the site will exhibit high total petroleum hydrocarbon (TPH)
concentrations (10,000 ppm or greater).

2. Soil vapor will contain relatively low oxygen concentrations (between 0% and 2%).

3. Soil vapor will have relatively high carbon dioxide concentrations (depending on
soil type, between 2% and 10% or greater).

To obtain further information about the soil-gas survey, consult Section 5.2 of the generic Bioslurping
Protocol.

3.2.3 Monitoring Point Installation

- Monitoring points must be installed to determine the radius of influence that the free-product recovery

system has on vadose zone contaminated soils. A general arrangement of the bioslurping well and
monitoring points is shown in Figure 2.

Upon conclusion of the initial soil-gas survey and baildown tests, at least three soil-gas monitoring
points will be installed to measure soil-gas changes that occur during the operation of the bioslurper.
These monitoring points should be located in highly contaminated soils within the free-phase plume
and should be positioned to allow detailed monitoring of the in situ changes in soil-gas composition
caused by the bioslurper system. The components of soil-gas monitoring points are shown in Figure
3. A conceptual arrangement for soil-gas monitoring points in Well #COE-2T at the UST area in the
POL Depot is presented in Figure 4. Information on monitoring point installation can be found in
Section 4.2.1 of the generic Bioslurping Protocol.




sy

prmon

yRWIduelIy Julod SULIO}UOIN PUB [[2A4 Jadinjsorg [eIeuan) -7 aandig

usa19s ||13M

a|qe) 18)gp ———»

1onpoid saiy

aqnj uojjong

SIQEL 1M A
Y

dwng
——————
\ E==°m> o.—-
sjujod Bupojjuoyy

lism
Jadinisolg




[pr———y

pu——

Watertight Cast Iron Well Box

Finish Concrete

to Drain Away Quick Couples

from Box Box Set in Above
Metal Tags Ground Concrete
/ Finish
: 4 ~ Finish at Grade
\ L ] Also Acceptable
=5 B2 {
Grave' et Y o . -bo'-
(for box drainge)
Ny
Bentonite 2
L
A
Gravel 1-2'
..... X
A
Bentonite 2
X
Backfill
Yy
Bentonite 2
X
A
Gravel 1-2'
.
A
Bentonite 2'
.
1/4" Nylon Tubing
Backfill or Other Material
Dy
Bentonite 2'
X
...... A
Gravel (B gl 1-3'
/ ................. 28 3
Borehole

Thermocouple with Leads

Figure 3. Diagram of a Typical Bioslurper Soil-Gas Monitoring Point
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Figure 4. Conceptual Arrangement for Soil-Gas Monitoring Points at UST Area.

3.2.4 Soil Sampling

Soil samples will be collected to determine the physical and chemical composition of the soil near the
bioslurper test site. Soil samples will be collected from the boreholes advanced for monitoring point
installation at two or three locations at the site chosen for the bioslurper test. Generally, samples will
be collected from the capillary fringe over the fre¢ product.

Soil samples will be analyzed for particle-size distribution, bulk density, porosity, moisture content,

BTEX, and TPH. Section 5.5.1 of the generic Bioslurping Protocol will be consulted for information
on the field measurements and sample collection procedures for soil sampling.
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3.3 Bioslurper System Installation and Operation

Once the well to be used for the bioslurper test installation at Shaw AFB has been identified, the
bioslurper pump and support equipment will be installed and the pilot test will be initiated.

3.3.1 System Setup

After the preliminary site characterization has been completed and the bioslurper candidate well has
been selected, the previously shipped equipment will be mobilized from the holding facility to the test
site, and the bioslurper system will be assembled. Figure 5 shows a flow diagram of the bioslurper

process. Figure 6 is a generic diagram of the bioslurper extraction well that will be installed at Shaw
AFB.

Process
Off-Ges Stack
Y P
Petroleum
Mairiscance Separstor
Tank T
Dewataring
Pump
mem;gw)

Figure 5. Bioslurper Process Flow
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Figure 6. Diagram of a Typical Bioslurper Well

Before the LNAPL recovery tests are initiated, all relevant baseline field data will be collected and
recorded. These data will include soil-gas concentrations, initial soil-gas pressures, the depth to
groundwater, and the LNAPL thickness. Ambient. soil and all atmospheric conditions (e.g.,
temperature, humidity, barometric pressure) also will be recorded. All emergency equipment (i.e.,

emergency shutoff switches and fire extinguishers) will be installed and checked for proper operation
at this time.

A clear, level area near the well selected for the bioslurper test installation will be identified for the
20" x 10’ flatbed trailer that holds the equipment required for bioslurper system operation. For more

-information on bioslurper system installation, consult Section 6.0 of the generic Bioslurping Protocol.
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3.3.2 System Shakedown

A brief startup test will be conducted to ensure that the system is constructed properly and operates
safely. All system components will be checked for problems and/or malfunctions. A checklist will be
provided to document the system shakedown.

3.3.3 System Startup and Test Operations

After installation is complete and the bioslurper system is confirmed to be operating properly, the
LNAPL recovery tests will be started. The Bioslurper Initiative has been designed to evaluate the
effectiveness of bioslurping as an LNAPL recovery technology relative to conventional gravity-driven
LNAPL recovery technologies. The Bioslurper Initiative includes three separate LNAPL recovery
tests: (1) a skimmer simulation test, (2) a vacuum-assisted bioslurper test, and (3) a groundwater
drawdown LNAPL recovery test. The three recovery tests are described in detail in Section 7.3 of the
generic Bioslurping Protocol.

The bioslurper system operating parameters that will be measured during operation are vapor
discharge, aqueous effluent, LNAPL recovery volume rates, vapor discharge volume rates, and
groundwater discharge volume rates. Vapor monitoring will consist of continuous on-line monitoring
of TPH supplemented by two samples collected for detailed laboratory analysis. A total of two
samples of aqueous effluent will be collected for analysis of BTEX and TPH content. Recovered
LNAPL volume will recorded using an in-line flow-totalizing meter. The off-gas discharge volume
will be measured using a calibrated pitot tube, and groundwater discharge volume will recorded using
an in-line flow-totalizing meter. Section 8.0 of the generic Bioslurping Protocol describes process
monitoring of the bioslurper system.

3.3.4 Soil-Gas Permeability Test

A soil-gas permeability test will be conducted concurrently with startup of the vacuum-assisted bio-
slurper operation. Soil-gas permeability data will support the process of estimating the vadose zone
radius of influence of the bioslurper system. Soil-gas permeability results also will aid in determining
the number of wells required if it is decided to treat the site with a large-scale bioslurper system. The
soil-gas permeability test method is described in Section 5.7 of the generic Bioslurping Protocol.

3.3.5 In Situ Respiration Test

The oxygen utilization rate will be used to estimate the biodegradation rate at the site. An in situ
respiration test will be conducted after completion of the bioslurper operating tests. The in situ
respiration testing will involve injection of air/helium injection into selected soil-gas monitoring points
followed by monitoring changes in concentration of oxygen, carbon dioxide, petroleum hydrocarbons,
and helium in soil-gas near the injection point. Measurement of the soil-gas composition typically will
be conducted at 2, 4, 6, and 8 hours and then every 4 to 12 hours for about 2 days. Timing of the
tests will be adjusted based on oxygen-use rate. If oxygen depletion occurs rapidly, more frequent
monitoring will be required. If oxygen depletion is slow, less frequent readings will be acceptable.
Further information on the procedures and data collection for in situ respiration testing is given in
Section 5.8 of the generic Bioslurping Protocol.
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3.3.6 Extended Testing

The Air Force has the option of extending the operation of the bioslurper system for up to 6 months if
LNAPL recovery rates are promising. If extended testing is to be performed, the Air Force will need
to provide electrical power for long-term operation of the bioslurper pump. Disposition of all
generated wastes and routine operation and maintenance of the system will be the Air Force’s
responsibility. Battelle will provide technical support during the extended testing operation.

3.4 Demobilization

Once all necessary tests have been completed at the Shaw AFB site, the equipment will be
disassembled by Battelle staff. The equipment then will be moved back to a holding facility, where it
will remain until its next destination is determined. Battelle staff will receive this information and will
be responsible for shipment of the equipment to the next site before departing from Shaw AFB.

4.0 BIOSLURPER SYSTEM DISCHARGE

4.1 Vapor Discharge Disposition

Battelle expects that the operation of the bioslurper test system at the Shaw AFB site will require a
waiver or a point source air release registration and may require some additional permits. However,
due to the short duration of the bioslurper pilot test, it can be assumed that concentration of TPH
released to the atmosphere will be approximately 65 1b TPH/day. This value is based on the average
TPH discharge level at two bioslurper test sites (Wright-Patterson AFB and Travis AFB) that are
contaminated with the same type of jet fuel as that found at the Shaw POL site. The value may vary
depending on the TPH concentration of the soil gas and the permeability of the soil. The discharge of
benzene is estimated to be less than 1 Ib/day.

The data for the TPH and benzene discharge levels at four previous bioslurper sites are presented in
Table 4. The large TPH discharge level at Travis AFB is partially due to the extraction rate of the
vapors. This extraction rate is the maximum rate a 3-hp pump will achieve and should be lower at
Shaw AFB due to the permeability of the soils. The vapor stream generated by the bioslurper system
may be discharged directly to the atmosphere because of the short duration of the test and the low
concentration levels of TPH and benzene in the stream.

14
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Table 4. Benzene and TPH Discharge Levels at Previous Bi(;slurper Test Sites
Extraction Benzene TPH
Rate Benzene TPH Discharge | Discharge
Site Location | Fuel Type (scfm) (ppmv) (ppmv) (Ib/day) (Ib/day)
Wright- Jet Fuel 3 nd 595 0.0 1.0
Patterson AFB
Bolling AFB No. 2 Fuel 4 0.2 153 0.0003 0.009
(Site #1) Oil
Bolling AFB Gasoline 21 370 70,000 2.3 470.1
(Site #2)
Andrews AFB | No. 2 Fuel 8 16 2,000 0.001 0.2
0il
Travis AFB Jet Fuel 20 100 10,800 0.58 126.4

nd = not detected

To ensure the safety and regulatory compliance of the bioslurper system, vapor discharge samples
(TPH, O,, and CO,) will be collected periodically throughout the bioslurper pilot test, and field soil-
gas screening instruments will be used to monitor vapor discharge concentration variability. The
volume of vapor discharge will be monitored daily using air flow instruments. If state regulatory
requirements will not permit the expected amount of organic vapor discharge to the atmosphere, the
Base POC should inform AFCEE and Battelle so that alternative plans can be made prior to
mobilization to the site. Table 5 presents information typically required to complete an air release

registration form.
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Table 5. Air Release Summary Information

Data Item Air Release Information
Contractor Point of Contact Jeff Kittel, (614) 424-6122
Contractor address Battelle, 505 King Avenue, Columbus, OH 43201

Estimated total quantity of petroleum product to be recovered TBD

Description of petroleum product to be recovered JP-4 jet fuel
Planned date of test start TBD
Test duration 9 days (active pumping)

Maximum expected VOC concentration in air ~65 lb/day (64 1b TPH, < 1.0 1b benzene)

Maximum total quantity of VOC release ~65 Ib/day

Expected contaminants in air release TPH, benzene (<0.2 mg/L)
Expected quantity of fuel use (for electrical generator) | 125 gal

Type of fuel used Gasoline and diesel fuel
Stack height above ground level 10 ft

4.2 Aqueous Influent/Effluent Disposition

The flowrate of groundwater pumped by the bioslurper will be less than 5 gpm. However, in South
Carolina it may be necessary to obtain a groundwater pumping waiver or registration permit. If one is
required, the Base POC will inform Battelle of the necessary steps in obtaining the waiver or permit.

Operation of the bioslurper system will generate an aqueous waste discharge that will be passed
through an oil/water separator. The intention of Battelle staff will be to dispose of the wastewater by
discharge directly to the Base wastewater treatment facility. If existing Base wastewater channels can
be used, no National Pollutant Discharge Elimination System (NPDES) or other water discharge
permits will be required.

4.3 Free-Product Recovery Disposition

The bioslurper system will recover free-phase product from the pilot tests performed at Shaw AFB.
Free product recovered by the bioslurping tests will be turned over to the Base for disposal and/or
recycling. The volume of free product recovered from the Base will not be known until the tests have
been performed. The maximum recovery rate for this system is 5 gpm, but the actual rate of LNAPL
recovery likely will be much lower.
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5.0 SCHEDULE

The schedule for the bioslurper fieldwork at Shaw AFB will depend on approval of the project test
plans. Battelle will determine a definitive schedule as soon as possible after approval is received.
Battelle will have two to three staff members on site for approximately 2 weeks to conduct all
necessary pilot testing. At the conclusion of the field testing at Shaw AFB, all staff will return their
Base passes. Battelle staff will remove all bioslurper field testing equipment from the Base before
they leave the site.

6.0 PROJECT SUPPORT ROLES

This section outlines some of the major functions of personnel from Battelle, Shaw AFB, and AFCEE
during the bioslurper field test.

6.1 Battelle Activities

Battelle is responsibility in the Bioslurper Initiative at Shaw AFB will be to supply all the necessary
staff and equipment to perform all the tests on the bioslurper system. Battelle also will provide
technical support in the areas of water and vapor discharge permitting, digging permits, staff support
during the extended testing period, and any other technical areas that need to be addressed.

6.2 Shaw AFB Support Activities
To support the necessary field tests at Shaw AFB, the Base must be able to provide the following:

1. Any digging permits and utility clearances that need to be obtained prior to the
initiation of the fieldwork. Any underground utilities should be clearly marked
to reduce the chance of utility damage and/or personal injury during soil-gas
probe and possible well installation. Battelle will not begin field operations
without these clearances and permits.

A The Air Force will be responsible for obtaining Base and site clearance for the Battelle
staff that will be working at the Base. The Base POC will be furnished with all
necessary information on each staff member at least 1 week prior to field startup.

3. Access to the local sanitary sewer must be furnished so that Battelle staff can
discharge the bioslurper aqueous effluent directly to the Base treatment facility.

4, Regulatory approval, if required, must be obtained by the Base POC prior to
startup of the bioslurper pilot test. As stated previously, it is likely that a
waiver to allow air releases or a point source air release registration will be
required for emissions of approximately 65 lb/day of TPH. The TPH and
benzene concentration levels are the maximum levels of those components that
would be released to the atmosphere. The Base POC will obtain all necessary
Base permits prior to mobilization to the site. Battelle will provide technical
assistance in preparing regulatory approval documents.

17




RS

iovniel

JS— | SR, oot

1

-!A .
[y

- e e, N, R, R, TR, W,

The Base also will be responsible for the disposition of all waste generated from the
pilot testing. Such waste includes any soil cuttings generated from drilling, and all
aqueous wastestreams produced from the bioslurper tests. All free product recovered
from the bioslurper operation will be disposed of or recycled by the Base. Battelle
will provide technical assistance in disposing of the waste generated from the
bioslurper pilot test. ‘

Before field activities begin, the Health and Safety Plan will be finalized with
information provided by the Base POC. Table 6 is a checklist for the information
required to complete the Health and Safety Plan. All emergency information will be
obtained by the Site Health and Safety Office before operations begin.

18




o

atn sy

)

Table 6. Health and Safety Information Checklist

Emergency Contacts

Hospital Emergency Room:

Point of Contact:

Fire Department:

Emergency Unit (Ambulance):

Security:

Explosives Unit:

Community Emergency Response Coordinator:

Other:

Program Contacts

Air Force:
Battelle:
Other:

Emergency Routes

Hospital (maps attached)
Other:

Name

Telephone
Number

19
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6.3 AFCEE Activities

The Air Force Center for Environmental Excellence (AFCEE) POC will act as a liaison between
Battelle and Shaw Base staff. The AFCEE POC will ensure that all necessary permits are obtained
and the space required to house the bioslurper field equipment is found.

The following is a listing of Battelle, AFCEE, and Shaw Base staff who can be contacted in cases of
emergency and/or required technical support during the bioslurper field initiative tests at Shaw AFB.

Battelle POCs Jeff Kittel 614-424-6122
Eric Drescher 614-424-3088

AFCEE POC Patrick Haas 210-536-4314
Shaw AFB POC
Regulator POCs

Air:

Water:

20
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APPENDIX A

WELL CONSTRUCTION SUMMARY SHEET
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APPENDIX B

LABORATORY ANALYTICAL REPORTS




I @ AIR TOXICS LTD.

' AN ENVIRONMENTAL ANALYTICAL LABORATORY

WORK ORDER #: 9607191
Work Order Summary

CLIENT: Ms. Amanda Bush . BILL TO: Same
Battelle Memorial Institute
505 King Avenue
Columbus, OH 43201-2693

PHONE: 614-424-4996 INVOICE # 11061
FAX: 614-424-3667 P.O. # 91221
DATE RECEIVED: 7/18/96 PROJECT # Shaw AFB
DATE COMPLETED: 7/26/96 AMOUNTS: $421.61
RECEIPT
FRACTION # NAME TEST VAC./PRES, PRICE
01A SHW-AE-1 TO-3 2.5 "Hg $120.00
02A SHW-AE-2 TO-3 1.0 "Hg $120.00
03A SHW-AE-3 TO-3 0"Hg $120.00
04A Lab Blank TO-3 NA NC
Misc. Charges 1 Liter Summa Canister Preparation (3) @ $15.00 each. $45.00
Shipping (7/3/96) $16.61
\

CERTIFIED BYM C Cwm« DATE: 7/.@4/9 6

Laboratory Director

180 BLUE RAVINE ROAD, SUITEB « FOLSOM, CA 95630
(916) 985-1000 + FAX (916) 985-1020

Page 1




AIR TOXICS LTD.

SAMPLE NAME: SHW-AE-1
ID#: 9607191-01A

EPA METHOD TO-3
(Aromatic Volatile Organics in Air)

GC/PID

Amount Amount
Compound (ppmv) (uG/L) | (ppmv) (uGvL)
Benzene 22 71 1900 6200
Toluene 22 84 1900 7300
Ethyl Benzene 22 97 1200 5300
Total Xylenes 22 97 2400 10000

TOTAL PETROLEUM HYDROCARBONS
GC/FID
(Quantitated as JP-4 Jet Fuel)

Det. Limit Amount Amount
Compound (ppmv) (uG/L) | (ppmv) (uG/L)
TPH* (C5+ Hydrocarbons) 220 1400 13000 84000
C2 - C4** Hydrocarbons 220 400 480 880

“TPH referenced to JP-4 Jet Fuel (MW=156)
**C2 - C4 Hydrocarbons referenced to Propane (MW=44)

Container Type: 1 Liter Summa Canister




AIR TOXICS LTD.

SAMPLE NAME: SHW-AE-2
ID#: 9607191-02A

EPA METHOD TO-3
{(Aromatic Volatile Organics in Air)

GC/PID

Det. Limit Amount Amount
Compound (ppmv) (uG/L) ' (ppmv) (uG/L)
Benzene 11 36 700 2300
Toluene 11 42 1100 4200
Ethyl Benzene 11 49 590 2600
Total Xylenes 11 49 1200 5300

TOTAL PETROLEUM HYDROCARBONS
' GC/FID

(Quantitated as JP-4 Jet Fuel)

Det. Limit Det. Limit Amount Amount
Compound (ppmv) (uG/L) | (ppmv) (uG/L)
TPH* (C5+ Hydrocarbons) 110 710 12000 78000
C2 - C4** Hydrocarbons 110 200 960 1800

*TPH referenced to JP-4 Jet Fuel (MW=156)
**C2 - C4 Hydrocarbons referenced to Propane (MW=44)

Container Type: 1 Liter Summa Canister

Page 3




AIR TOXICS LTD.

SAMPLE NAME: SHW-AE-3
ID#: 9607191-03A

EPA METHOD TO-3
(Aromatic Volatile Organics in Air)

GC/PID

Det. Limit Det. Limit Amount Amount
Compound (ppmv) (uG/L) I (ppmv) (uG/L)
Benzene 200 650 11000 36000
Toluene 200 770 14000 54000
Ethyl Benzene 200 880 9800 43000
Total Xylenes 200 880 20000 88000

TOTAL PETROLEUM HYDROCARBONS
GC/FID
{(Quantitated as JP-4 Jet Fuel)

Det. Limit Amount Amount
Compound (ppmv) (uG/L) | (ppmv) (u@/L)
TPH* (C5+ Hydrocarbons) 2000 13000 130000 840000
C2 - C4** Hydrocarbons 2000 3700 9300 17000

*TPH referenced to JP-4 Jet Fuel (MW=156)
**C2 - C4 Hydrocarbons referenced to Propane (MW=44)

Container Type: 1 Liter Summa Canister

Page 4




AIR TOXICS LTD.

SAMPLE NAME: Lab Blank
ID#: 9607191-04A

EPA METHOD TO-3
(Aromatic Volatile Organics in Air)

GC/PID

Det. Limit Det. Limit Amount Amount
Compound (ppmv) (uG/L) | (ppmv) (uG/L)
Benzene . 0.001 0.003 Not Detected Not Detected
Toluene 0.001 0.004 Not Detected Not Detected
Ethyl Benzene 0.001 0.004 Not Detected Not Detected
Total Xylenes 0.001 0.004 Not Detected Not Detected

TOTAL PETROLEUM HYDROCARBONS
GC/FID
(Quantitated as JP-4 Jet Fuel)

Det. Limit Amount Amount
Compound ‘ (ppmv) (uG/L) I (ppmv) {(uG/L)
TPH* (C5+ Hydrocarbons) 0.010 0.065 Not Detected Not Detected
C2 - C4** Hydrocarbons 0.010 0.018 Not Detected Not Detected

*TPH referenced to JP-4 Jet Fuel (MW=156)
**C2 - C4 Hydrocarbons referenced to Propane (MW=44)

Container Type: NA

Page 5
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Alpha Analytical, Inc.

255 Glendale Avenue, Suite 21 2505 Chandler Avenue, Suite 1
Sparks, Nevada 89431 e-mail: alpha@powernet.net Las Vegas, Nevada 89120
(702) 355-1044 http//www.powernet.net/~alpha (702) 498-3312
FAX: 702-355-0406 FAX: 702-736-7523
1-800-283-1183 1-800-283-1183

ANALYTICAL REPORT

Battelle Job#: Shaw AFB Pilot Test
505 King Ave © Phone: (614) 424-6199
Columbus Ohio 43201 Attn:

Sampled: 07/13-15/96 Received: 07/18/96 Analyzed: 07/24/96
Matrix: [ ] Soil [ X ] Water [ ] Waste

Analysis Requested: TPH - Total Petroleum Hydrocarbons-Purgeable
Quantitated As Gasoline

Methodology: TPH - Modified 8015/DHS LUFT Manual/BLS-191
Results:

Detection
Client ID/ Concentration Limit
Lab ID Parameter mg/L mg/L
SHWDC 2 TPH (Purgeable) 3.0 0.50

/BMI071896-05

SHWDC 4 TPH (Purgeable) 2.9 0.50
/BMI071896-07

SHWDC 6 TPH (Purgeable) 2.3 0.50
/BMI071896-09 :

ND - Not Detected

2L 2L g// s

Roger /7 Scholl, Ph.D.
Laboratory Director




Alpha Analytical, Inc.
255 Glendale Avenue, Suite 21
Sparks, Nevada 89431

(702) 355-1044

FAX: 702-355-0406
1-800-283-1183

e-mail: alpha@powernet.net
http//www.powernet.net/~alpha

—~

2505 Chandler Avenue, Suite 1
Las Vegas, Nevada 89120
(702) 498-3312

FAX: 702-736-7523
1-800-283-1183

ANALYTICAL REPORT

Battelle Job#: Shaw AFB Pilot Test

505 King Ave

" Columbus Ohio 43201

Phone:
Attn:

(614) 424-6199

Sampled:

Matrix: [ ]

Analysis Requested: BTEX - Benzene,Toluene,Ethylbenzene,Xylenes

07/13-15/96

Soil

Received: 07/18/96

[ X ] Water [

] Waste

Analyzed: 07/23/96

' Methodology: BTEX - EPA Method 624/8240
Results:
Detection
Client ID/ Concentration Limit
Lab ID Parameter ug/L ug/L
SHWDC 1 Benzene 62 50
/BMI071896-04 Toluene 310 50
Ethylbenzene 110 50
Total Xylenes 640 50
SHWDC 3 Benzene. 76 50
/BMI071896-06 Toluene 300 50
Ethylbenzene 97 50
Total Xylenes 610 50
SHWDC 5 Benzene 110 50
/BMI071896-08 Toluene 320 50
Ethylbenzene 100 50
Total Xylenes 630 50
ND - Not Detected CQPQOﬁfL(Qﬂ&CL

Approved by: //éii;hizz;62< ;Zfiy QéiiZA

Roger L.ZScholl, Ph.D. Y
Laboratory Director




Laboratory
' : Analysis Report .
. Sierra
Environmental
l Monitoring, Inc.
ALPHA ANALYTICAL _ Date : 8/02/96
255 GLENDALE AVENUE, SUITE 21 Client : ALP-855
SPARKS NV 89431 . Taken by: CLIENT
Report : 16922
PO# :
Page: 1
I MOISTURE DENSITY POROSITY PARTICLE SIZE
Collected CONTENT DISTIBUTION
Sample pate Time | * G/ CH3 % FRACTION % !
1
BM1071896-02 - SHW-S-1 7/10/96 12:03 1.8 1.52 42.7 See Report
BM1071896-03 - SHW-S-2 7/10/96 13:10 2.3 1.42 46.4 See Report

proved By:__ ¢

%is report is applicable only to the sample received by the laboratory. The liability of the labcratory is limited to the amount paid
for this report. This report is for the exclusive use of the ciient to whom it is addressed and upon the condition that the client
'sunes all tiability for the further distribution of the report or its contents.

1135 Financial Blvd.
Reno, NV 89502
illiam F. Pillsbury Phone (702) 857-2400 John C. Seher
®resident FAX (702) 857-2404 Manager




illiam F.
wresident

Sierra

Environmental

Monitoring, Inc.
August 2, 1996

TO: Alpha Analytical

FROM: Sierra Environmental Monitoring, Inc.

RE: Particle Size Distribution Analysis for Samples:
SEM 9607-0804 BMI 071896-02-SHW-S1
SEM 9607-0805 BMI 071896-03-SHW-S1

As per your request, we have performed particle size analysis
on the samples submitted to our laboratory. Test results are as
follows:

9607-0804 Clay: 0.0 % Silt: 1.9 % Sand: 98.1 %

9607~-0805 Clay: 0.0 % Silt: 1.9 % Sand: 98.1 %

The samples were passed through a #10 sieve prior to analysis
as per procedure. All results are based on oven dry sample
weights.

We appreciate this opportunity to provide our 1laboratory
testing services. If you have any questions or require further
testing, please feel free to contact us at your convenience.

Sincerely,
SI ENVIRONMENT MONITORING, INC.

Joln Seher
Laboratory Manager

1135 Financial Bivd.
Reno, NV 89502

Pillsbury Phone (702) 857-2400 John C. Seher
FAX (702) 857-2404 Manager
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Alpha Analytical, Inc. :
255 Glendale Avenue, Suite 21 2505 Chandler Avenue, Suite 1
Sparks, Nevada 89431 e-mail: alpha@powernet.net Las Vegas, Nevada 89120
(702) 355-1044 http//www.powernet.net/~alpha (702) 498-3312
FAX: 702-355-0406 FAX: 702-736-7523
1-800-283-1183 1-800-283-1183
ANALYTICAL REPORT
Battelle | Job#: 91222
505 King Ave Phone: (614) 424-6199
Columbus Ohio 43201 Attn: Martin Wheeler
Sampled: 07/10/96 Received: 07/18/96 Analyzed: 07/23/96
Matrix: [ X ] Soil [ ] Water [ ] Waste
Analysis Requested: TPH - Total Petroleum Hydrocarbons-Purgeable
Quantitated As Gasoline
BTEX - Benzene,Toluene, Ethylbenzene, Xylenes
Methodology: TPH - Modified 8015/DHS LUFT Manual/BLS-191
BTEX - Method 624/8240
Results:
Client ID/ Detection
Lab ID Parameter Concentration Limit
SHW-S-1 TPH (Purgeable) 390 50 mg/Kg
/BMI071896-02 Benzene ND 100 ug/Kg
Toluene 130 ' 100 ug/Kg
Ethylbenzene 280 100 ug/Kg
Total Xylenes 1,800 100 ug/Kg
SHW-S-2 " TPH (Purgeable) 380 50 mg/Kg
/BMI071896-03 Benzene ‘ : ND .+ 100 ug/Kg
Toluene 160 100 wug/Kg
Ethylbenzene 330 100 ug/Kg
Total Xylenes 2,500 100 wug/Kg
ND - Not Detected
Approved by: //Z%E;~€Z;£Z>L ;;?fg Date: ,;3725?{4é%5f
Roger 4. Scholl, Ph.D.
Laboratory Director s J/




8BYio-10 oliseld-d sseig-q Je|paj-1 0qI0-0 Jef{I0S-S  BOA-A  IBNTT L. . Byl0-10 SISEM - YM I10S - 0S snoanby - DY Aoy,
‘asuadxa Jus)jo 1e Jo pasodsip 1o Jua)d 0} pauInjal aq jim sajduies snopieze ‘epew aJe sjuswabuelre Jayjo ssajun paliodal aie synsal 1a)e sAep 0g pepiedsip aie sajdwes 310N

£q panleosy

S T2 Y L X TN g
de \ \ W,%\ N\\\\Ns l\l\J %\ %, X va \w *x\ Q\ P“E paysinbuyay
QQ Q\ Q%@v\ 2 l.\\ut t QN\ Eﬂh N“\ 2 gN\S ?SE.NN\\ Aq panaoay

Aq paysinbuijpy

awi| ereq Auedwo) oweN Juid ainjeubig

A

£ R P Yl

o it - %\\\n\ 7/
\.J\t\\?\_W\V\%\u\\\\\%ﬁﬁw\i\xQN\\NW.\\\\\\\*&\\\2\ \\Q%O

*SMHVINIY

T Y X TS (s T
A EIRA KA R4 [ =S=THS -7/ 7S TS| 77

% cn,./ /~ o[ pme z ﬁcgss,wné N\& \”«\ oy \ / F‘@bww_ esnoeoyo | Juen | O°0 | ol
%M 7m > ? \ _% \ — \N\m«“wm m mm&m\ diz ‘a1e)s ‘Ao
N QA N /G \ . # HMa # SMd R Ry PR
A KA rz #9qor _\m\d Q@m \, \ \ Q NP\ &\Nm aweN a0

JaquinN auoyd

aiinbay gasAleu p/D G,W 90¥0-SS€ (204) Xed ! .
P m%/ o oy yv01-55€ (202) Buoud dz mmww_www
. LEY6S BPeASN 'Siieds N .
l. \ _9 \ # obed ?m\. 12 91INS ‘eNuUsAY 8jepus|Y) 552 — SwenN
3 : - £ = i
S N’ Em = s ‘ iozi me[,. GED NN N NPT Sens




30 abBg

2B 'd YloL

{aameubig)

$jieway swirtfaleq :Aq Auolesoge 1og pastaday au ] fa1eQ {aimaufig) :Aq paysiobuijay
S”“HH_M ) faye 618} : (omanuBIs)
) a (2ameuBiS] :Aq paysinbuljay 1AQ paalaey auy teuwm , {2aaeufig) :Aq paysinbuijoy
{eimeud)g) \e&ﬁﬁ.\ mﬁ&‘\ 44 u\\@ 7 %
:Aq paajpdey swLfaeq {ainjeuBiS}) :Aq paysinbuyey {a1meuhis) :Aq pealscoy swiljaeq [84mleub{g) :Aq peysmbuiay
|
- X[ XIXIX]X T -S=MAHS I STT-9T,
. XIXIX[X T —S-MHS | MG 991,
syipway N oy o
[v ke / .WW i
o . m 4 q’l 31dNYS FWIL 31vQ
3 [ a5 >
~ p m 2 N . - .IU
I ; BTV >0
2 5 - > . (o1meubiS):3HIIJNYS
4 £ APIIS 0% gy mws]  [o3idog
{N) 3dAL TUdNYS R 'S apyy 1eslorg l\QdNMﬁ_mw
$311012 40 g8 SnQItjn)
oy Wiy QHOI3H AQOLSND 40 NIYHOD m——m—.-mm

o
£&

966T-£2-"1NC

WoMd €Z:cT

oL

S@rRSSECBLTE

ca’d




L s

N

)
Alpha Analytical, Inc.
255 Glendale Avenue, Suite 21 2505 Chandler Avenue, Suite 1
Sparks, Nevada 89431 e-mail: alpha@powernet.net Las Vegas, Nevada 89120
(702) 355-1044 : http//www.powernet.net/~alpha (702) 498-3312
FAX: 702-355-0406 FAX: 702-736-7523
1-800-283-1183 : 1-800-283-1183

ANALYTICAL REPORT

Battelle . Job#: Shaw AFB: Pilot Study
505 King Ave Phone: (614) 424-6199
Columbus Ohio 43201 Attn:

Sampled: 07/16/96 Received: 07/18/96 Analyzed: 07/24/96
Matrix: [ X ] Soil [ ] Water [ ] Waste

Analysis Requested: BTEX - Benzene,Toluene,Ethylbenzene,Xylenes

- Methodology: BTEX - EPA Method 624/8240
Results:
Detection
Client ID/ Concentration Limit
Lab ID Parameter mg/Kg mg/Kg
SHW-FP-1 Benzene 1300 1100
/BMI071896-01 Toluene 7100 1100
Ethylbenzene 3300 1100
Total Xylenes 17000 1100

ND - Not Detected

s vy, Tz, 2 7/ /o

Roger X. Scholl, Ph.D.
Laboratory Director

/
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Alpha Analytical, Inc.
255 Glendale Avenue, Suite 21

Sparks, Nevada 89431
(702) 355-1044
FAX: 702-355-0406

1-800-283-1183

~

2505 Chandler Avenue, Suite 1

e-mail: alpha@powernet.net Las Vegas, Nevada 89120
http//www.powernet.net/~alpha (702) 498-3312
FAX: 702-736-7523

1-800-283-1183

ANALYTICAL REPORT
Battelle Job#: G462201-30B1801
505 King Ave Phone: (614) 424-6199
Columbus Ohio 43201

Atin: Eric Foote

Alpha Analytical Number: BMI071896-01

Date Sampled: 07/16/96

Client I.D. Number: SHW-FP-1

Date Received: 07/18/96

i3 - Detection Limit | Date Aatyzed'
- Met {(Not Applicable) R
CO9< GC/FID 49.93 NA 07/31/96
C10 GC/FID 13.04 NA 07/31/96
Cll GC/FID 11.19 NA 07/31/96
C12 GC/FID 10.35 NA (17/31796
C13 GC/FID 7.98 NA 07/31/96
Cl4 GC/FID 4.69 NA 07/31/96
C15 GC/FID 1.92 NA 07/31/96
Cl6 GC/FID (.54 NA 07/31/96
~C17 GC/TID 0,36 NA 07/31/96

//
Approved by: 2 /

Roger L.“’S/choll, Ph.D.
Laboratory Director

Date g//%
/S /

J




AUG @1 ’96 11:32 ALPHA ANALYTICAL P.1

Alpha Analytical, Inc.

255 Glendale Avenue, Suite 21 2605 Chandler Avenue, Suite 1

Sparks, Nevada 89431 ¢-mail: alpha@powernet.net Las Vegas, Nevada 89120
(702) 353-1044 . http/waw.powernet.net/~alpha (702) 498-3312
FAX: 702.3585-0406 . FAX: 702-736-7523
1-800-283-1183 ~ 1-800-283-1183

ANALYTICAL, REPORT

Battelle Job#; G462201-30B1801

505 King Ave . Phone: (614) 424-6199
Colurnbus Ohia 43201 At Eric Foole

Alpha Anatylical Number: 8BMI071896-01 Client 1.D, Number; SHW.-FP-]
Date Sampled: 07/16/96 Date Received: 07/]8/96

(41 4 GC/FID: 49.93 NA 073146
(411) GC/FID 13.04 NA 07/3196
Cit GC/FID 1119 NA 0731196
12 GC/FID 10.35 NA 07/31/96
CLy GCHID 798 NA 07131/96
Cld GC/FID 4,69 NA 07/31/96
cis GC/FID 1.92 NA 07/31/96
cls GC/RID .54 NA U316
C17 GCFID 036 NA 07431796

w

Approved by: %@e\ (f M Date: «i é%/

Roger L.Scholl, Ph.D.
Laboratory Director

/
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Alpha Analytical, Inc,

255 Glendale Avenue, Suite 21
Sparks, Nevada 89431
(702) 355-1044
© FAX: 702-355-047
1-8.283-118200

e aail: -alphu@powernet.net

attp/www.powernet.net/~alpha

ANALYTICAL REPQRT

2505 Chandler Avenue, Suite 1
Las Vegas, Nevada 89120
(702) 498-3312

FAX: 702-736-7523
1-800-283-1183

Battelle Job#: Shaw AFB: Pilot Study
505 King Ave Phone: (614) 424-6199
Columbus Ohisc 43201 Attn:

Sampled: 07/16/96  Received: 07/18/96 Analyzed: 07/24/96 -
Matrix: [ X ] Soil . [ ] Water ' [ ] Waste

Analysis Requested: BTEX - Benzgne:Toluene,Ethylbenzene,Xylenes

ND - Not Detected

Roger #. Scholl, Ph.D.
Laboratory Dlractor

- Methodology: BTEX -~ EPA Method 624/8240
Results: -7 .
: Datection
Client ID/ Concentration Limit
Lab ID Parameter ng/Kg mg/Xg
SHW-FP-1 Banzene 1300 1100
/BMI071896-01" Toluene 7100 1100
Ethylbenzene 3300 1100
Total Xylenes 17000 11060

vooeovea vy, /222 T M 7/?/ Y
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APPENDIX C
SYSTEM CHECKLIST
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APPENDIX D

DATA SHEETS FROM THE SHORT-TERM PILOT TEST




sie: Shaw AF[S

ATMOSPHERIC OBSERVATIONS

Operators:

SC Wa o

Ambient

ométric
e.

Date/Time Temperature = m

712.96/ 8 :3) 744 -
/)7.:30 79.0
.03.9¢/ 500 73.0
/600 10 ). b
]7:30 | 92.Y
7049/ §:30 g2.2.
J7:30 92.%
71596 /8:30| ¥0.2
1St 30 91.0
2:06-9¢/ &40 | §1-Z
]5:00 9.2
7:-0-%/ &:10 T4y
[7:45S 90- 2
2.07%/ .30 5.0
)2:.00 75.6




Baildown Test Record Sheet

Revision 2
Page: 47 of 84
January 30, 1995

Site: D hew AF G
Well Identification: /MY
Well Diameter (OD/ID):
Date at Start of Test: 7-8- 76 Sampler’s Initials:
Time at Start of Test: _13° 30
Initial Reaaings _
Depth to Depth to LNAPL LNAPL Total Volume
Groundwater (ft) (ft) Thickness (ft) Bailed (L)
(.S
Test Data
Sample Depth to LNAPL
Collection Groundwater Depth to LNAPL Thickness
Time (ft) (ft) (f)
13:8% SiL3% So. S
)4 60 <HdS Go.29 tb
14: 02 S0.%9 49.% | /- 0%
140l $0.2% 49.2] .07
14:09 . 0] 9899 [.02
lys U 49.52 v5.%9 93
iy 1Y 49. 95 4%.63 Y2
14 1% 49.21 9% 44 .§S
l4:22 ¥9.14 952 935
jq:2% y9.02 4%.0| .01
- 3) 4%.3% 47. 71 .09
14: 34 ¥%.% | 47.59 1. 2%

Figure 9. Typical Baildown Test Record Sheet




)oage,z.

Site: Shaw AEB

Well Identification: MW

Revision 2
Page: 47 of 84
January 30, 1995

Baildown Test Record Sheet

Well Diameter (OD/ID):

Date at Start of Test: X '9’6

Sampler’s Initials:

Time at Start of Test: [3:30
Initial Readings _
Depth to Depth to LNAPL LNAPL Total Volume
Groundwater (ft) (ft) Thickness (ft) Bailed (L)
Test Data
Sample Depth to LNAPL
Collection Groundwater Depth to LNAPL Thickness
Time (ft) (fv) (ft)
144/ 4%.27 47.3) .4b
1St Y Y %75 4661 929
)s:4 9 7% -3l 4b-4] 2.40
|22 49.46 4$. %S 3. bl

Figure 9. Typical Baildown Test Record Sheet




Revision 2
Page: 47 of 84
January 30, 1995

Baildown Test Record Sheet

sie: Shaw AFB

Well Identification: MW |

Well Diameter (OD/ID):
Date at Start of Test: 770 Y/ 7k Sampler’s Initials:
Time at Start of Test: [ L} 5 Z
Initial Readings ) _
Depth to Depth to LNAPL LNAPL Total Volume
Groundwater (ft) (ft) Thickness (ft) Bailed (L)
4. 34
Test Data
Sample Depth to LNAPL
Collection Groundwater Depth to LNAPL Thickness
Time (ft) (ft) (fo)
14 S 2 47,2 45.%9 [. 73
4. 54 47. S5 95 %) 1. 7Y
4SS 4. 52 43S, 75 .77
Jy: 5% 47.42 US. 1,S .77
luts9 4234 S 67 1.77
1$: 02 H3y.2S 4<. 43 .32
1S: 13 H77.00 4< el 1.93
G i Yi - 75 4.9 b 1199
1S.29 46.%5 44.78 2.05
1.0 46 . X1 Y. 7b 2.35
8- U 4724 44.09 315

Figure 9. Typical Baildown Test Record Sheet
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————

Biosturping Pllot Test

(D2tz Sheet 2)

Pilot Test Pumping Data

Site: S hhﬁou AFR
Cperators: S Wa l"f’SOU
Test Type: Trhel Sicomwme ™

Depth o Growndwatsr: Depth to Fuel:

Page of

—— ——

Sar Dae: A7~ j6
SunTime: (1'4 &

Well D: mwb'—l‘/

Depch of Tube: .

Vapor Extraction

- Stack Carbe
Rim Pressure Flowrate
Dats/Time Time (In. B,0) . B.0) (scfm)

sea\ To, “K

Temp
e°r

Pcmp Eead | Extraction Well
Vacaum Vacuwm

(iz. Hg) (in. H.0)

9 2.7 ] .09

1.0

17:494/6.% | . O]

18. 5

129.0

\7.0

55200 | L 006
20:05/%23| A D

127. 0

\L.0

P oy 43| OIS

\22.2

11:30/237 | shyhlowm

.68

Figure 11. Typical Record Sheets for Bioslurper Pilot Testing (Continued)
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Biosturping Pllot Test ol
(Data Sheet 2) il
Pilot Test Pumping Data Page of ket

size: Ohaw) AF8 San Daz: 20 19 b
Operaors: _O_WaltoA San Tizme: 12:00

Test Type: _I510 $lurper warm:_Mw 644

Depth s Groundwater: Depth to Fuel: Depth aof Tube: .

Se N\ TQ“K

Stack rba Pamp-Shaek Pemp Head | Exmraction Wel

Rum Pressurs Flowrate Temp Vacoum Vacoum 1
Datz/Time | Time (in. B,0) .B.0 (scfm) EEFoF (iz. Hy) (in. H,0) sl

AN 76 | Mo | =zt
N 122.4 24 ‘
1S | 40 | Iz |
7700 |S-0 625 /6.0 | it
7-tz%l 20.5 ol IrAR Yy J9.0 13. S u
17:30 1235 | .ol 128 L | /9.0 Iz
AT 130.% | /9.0 /3.5
koo 2.0 | .0l 3.9 | L85 13
17330 |35 | 0SS 1280 | IT0 | 2%
7l ks ] o2 | 125.0| 18.0 | 22 il
™ 0 |75 129.0 | /7.5 | 22
7.15.94.“30 925 | .67 122 .% | /Ig.0 | 22 |
1s30(99.8| .04 | 128.% | /0 | 2]

Vapor Extraction

Figure 11. Typical Record Sheets for Bioslurper Pilot Testing (Continued)
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Siea: SAQL‘) /40:5
S. Wa Ho A

Qperatars:

Test Type:

Dezts ta Graundsrater: MA  pesare MA

Se cor) Skimmre

Biesterping Pllat Test
(Dazz Sheet Z)
Pilct Test Pumping Data Paze of

Cezaa of Tuge: -

Vapar Exzacien Seal Tamk
: Stack Pems-Stack | P==p Head | Exmaction Well
R Pressurs Texmp Vi Vacaum
DateTime | Time | (2. EO) g e (=X (= E0)
. N 1 129.% | s.s | woA
Iso0]227 | 12| 280 [1s.0 | o
| | | | |
| | | | |
| | | | |
| | | | |
| | | |
| | |
§ | } |
|
|
i

Figu.re 11. Typical Record Sheets for Bioslurper Pilot Tesdng (Countinued)
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Site: Shﬁu) /?Fﬁ

Operors: S+ Wal et

Test Type: _Prowwdow v

Depth to Groundwater:

Biosturping Pllot Test

(Data Sheet 2)

Pilot Test Pumping Data

Depth to Fuel:

Page __of

sanDus:_ /(67 b
Strt Time: 16"00
wam: AM6YY

Depth of Tube: :

Vapor Extraction

Stack

(in. B;0)

bonr

- B

Flowrate
(scfm)

seal Tanis

Pmnp-Siaek
Temp

£ °F

Pump Head
Vacoum

{in. Hg)

Extraction Well
Vacuum
(in. H,0)

Z '%o

-2

.075

1262

7.0

MIA

17: €4S

2s. %

0%

129.6

17.0

Hp.S

75

b o

17.25

2-1%9 L{
: 30

|2:00

44,8

.07

(32-4

17.0

30

Figure 11. Typical Record Sheets for Bioslurper Pilot Testing (Continued)




Site: 5&4&) AF3

Bioslurping Pilot Test
(Data Sheet 3B)
Fuel and Water Recovery Data

Start Date: ? 7/7/7 Z

Page of

© Test Type: Thitial Sk{mM?P

Operatars: 9.(Ja 1o Y

Run LNAPL Recovery Groundwater Recovery
Date/Time Time {volume collected in time period} | (volume collected in time period)
7Z/9/80 148 O
l:30] 2.7 Soalons 25 gallows
172:44| 5.9 5.3 25
Z/10/3¢ 7:55| 0. 9.4 100
20:05|42.3 2.9 150
/9 04| 113 ¥.5 40
i/ 30 1 Shutdowvl




site: Saw AFB

Bioslurping Pilot Test
(Data Sheet 3B}
Fuel and Water Recovery Data

Start Date: ~///96

Page of

Test Type: /5/ .C)S/"'/'Pe 'S

Operatars: 6 wﬁ\ l‘l‘d‘/,

Run "LNAPL Recovery Groundwater Recovery
Date/Time Time {(volume collected in time period) | (volume collected in time period)
7/l /3012:00| O o)
— 14 onllons 0 gallons
/9 B:31| 20-S 2S.4 _m‘ov
17:30| 29.5 9.3 bS
253190 820 440 13.0 175
] b:00 S2.0 1.3 1S0
[7:30| S3.5 .S 20
749 §.30] 68. S 240 |75
17:30| 725 13. S 95
2300] £3.5 | Syghem SkdalownCae
msi 0 az5 | 22.0 190
1530 | 995 12.3 100
lotile | 400.5 Foent o SKinmmer +est |




Site: 544‘0 //F5

Biaslurping Pilot Test
(Data Sheet 3B)
Fuel and Water Recovery Data

Test Type:

Start Date: /15190

Page of

Secoud Skimwer

Operatars: S War Nou

Run
Date/Time Time

LNAPL Recovery
(volume collected in time period)

Groundwater Recovery
{volume collected in time period)

745196 16 b

96§40 |6.Y

l. b Fllons

1303;04\\ bus

IS:00 | 22.7

4. b

SO

»
N




Site: SLIQ‘U /4’:6

Bioslurping Pilat Test
(Data Sheet 3B)
Fuel and Water Recovery Data

Start Date: 7//6/99

Page of

Test Type: Orawo/ow 4

Operators: O+ ‘-‘Jt\\ +OV1

Run LNAPL Recovery Groundwater Recovery
Date/Time Time (volume collected in time period} | (volume collected in time period)
116196 J6:00 |
2/17)% ®:10] [L.2 2\.0 galownS 7S gallon S
17:45] 25.% 2.3 %S
701819 30| 40.S IS. 7 140
12: 00| 44.0 S.2 35S




APPENDIX E

SOIL GAS PERMEABILITY TEST RESULTS
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APPENDIX F

IN SITU RESPIRATION TEST RESULTS
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